IN 1964, Fairley and Britt investigated the adequacy of the air-mix control of ventilators operated from an oxygen source. 1 The mean inspired oxygen percentages were measured at various cycling pressures, and with the Bird Mark 7 ventilator the oxygen levels varied from 51.5 to 96.8 per cent, being highest at low flows and at high cycling pressures. Consequently, these authors recommended that this type of equipment be driven by compressed air, the oxygen being added as required.
Harrison 2 showed that as the pressure in the right-hand chamber of the ventilator increased, the flow through the venturi fell; therefore, as inflation proceeded, the amount of air entrained was reduced and the concentration of oxygen increased. The lower the flow setting, and hence the flow through the injector, the greater the percentage contribution of the nebulizer oxygen to the inspired mixture.
in following up this problem, Sellery and Fairley published in 1967 a study of the inspired oxygen concentrations delivered by the Bird ventilator when operated from a compressed air source with oxygen added to the ambient or to the pressurized side of the ventilator. 3 They found that when oxygen was added to the ambient side of the ventilator at any given oxygen flow rate, the inspired oxygen concentrations decreased as the cycling pressure was increased (Fig. 1) . When the oxygen was added to the pressmSzed side, high oxygen concentrations were delivered at low cycling pressures (Fig. 2) , and this was thought to be due to the added oxygen accounting for a high proportion of the inspired volume when cycling occurred quickly. The inspired oxygen concentrations were seen to rise to a high level again at the high cycling pressures due to a decrease in the amount of air entraiamaent. In both instances little change was produced in the inspired oxygen concentration by changes in the flow rate within the clinically used range.
In view of the above findings, it was thought advisable to investigate the adequacy of the Bird Parallel Inspiratory Flow Mixing Cartridge, as regards its ability to supply a constant predictable level of oxygen in the inspired gas mixture. This cartridge may be installed in the line of the primary pneumatic power source driving the Bird respirator, and is said by the manufacturer to furnish the following:
(1) Oxygen-air dilution during the inspiratory phase for specific oxygen coneentxations; e.g. the primary gas for low to moderate oxygen concentrations would be compressed air. Oxygen would be delivered into the inspiratory breathing cfi'cuit tlu'ough This would seem to indicate that the manufacturer expects this apparatus to provide us with a means of supplying to the patient an easily predictable mixture of gases so that we are able to deliver a predictable oxygen concentration by merely turning a dial. It was the purpose of this study to determine ff such is the case.
The Bird parallel inspiratory flow mixing cartridge (999 1289) is composed of three sections (Fig. 3) . The gold section on the left is interposed in the line of the primary gas powering the respirator, the toggle switch being an on-off switch for the primary power source. This section of the cartridge is connected to the 500 c.c. micronebulizer by a small-bore pressure line. The green section on the right is connected to an oxygen source under pressure and is also connected to the mieronebulizer, the nebulizer becoming a mixing chamber. This section is primarily an oxygen metering valve. Between these two is a connecting portion, which is joined to the small-bore pressure line from the respirator to the expiratory valve and is involved in the triggering of the cartridge in conjunction with the respirator. There is a flow of air and oxygen through the cartridge into the nebulizer only during the inspiratory phase. Consequently, there is no flow of oxygen into the circuit during the expiratory phase, thus eliminating one of the causes of the faulty oxygen concentrations as shown by Harrison. 
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METHOD
A Bird Mark 7 respirator was used during the investigation. As shown in Figure 4 , the cartridge was connected to the compressed air and oxygen sources as described above. A 60 L. metal drum was used as a lung analogue and was ventilated using a 9.5 ram. endotracheal tube? ,5 The exhalation port of the expiratory valve was connected by corrugated rubber tubing to a Wright respirometer and this in turn to a three-way valve leading into a Douglas bag. Between these last two was a sampling port for the removal of samples of "expired gas" for measurement of the oxygen tension. These measurements were made using an Instrumentation Laboratories Po2 electrode and the results were converted into oxygen concentration using the formula
where FIo2 is the fraction of the inspired air which is oxygen, BP is the barometric pressure, and VP is the vapour pressure. The parallel inspiratory flow mixing cartridge has two adjustment knobs, one on the left which controls the flow of the primary gas (air) to the nebulizer, and the other on the right which controls the flow of oxygen. Neither of these controls is calibrated by the manufacturer, so for this experimental work a sheet of plastic was inserted behind them and marked in eighths of a full turn for each one (Fig. 5) .
It was felt that we should first know how much the flow through the respirator would be increased by the use of the mixing cartridge. Consequently the flow 568 CANADIAN ANAESTHETISTS' SOCIETY JOURNAL Fic~raE 5 through the respirator against no resistance was measured in litres per minute under the following conditions:
1. just the respirator driven by compressed air; 2. the respirator driven by compressed air plus the nebulizer cartridge on one full turn;
3. the respirator driven by compressed air plus the oxygen cartridge on one full turn; 4. the respirator driven by compressed air plus the nebulizer and the oxygen cartridges both on one full turn.
The results of these measurements are shown in Table I . Measurements of the oxygen tension of the "expired air" were made under the following conditions:
1. various settings of flow rate and pressure (the actual flow and actual pressure in the lung analogue were not measured) and settings of the oxygen cartridge from 1 to 8 with the air or nebulizer cartridge on one full turn and the air-mix control pulled out; 2. constant pressure and flow rate setlSngs at 15, nebulizer cartridge on only one-half turn, and the oxygen cartridge turned through all settings from 1 to 8; 3. constant flow rate and pressure settings, both at 15, the nebulizer cartridge turned off, and the oxygen cartridge used as the source of nebulizing gas through all of its eight settings; 4. constant minute volume, variable flow rate and pressure settings, air-mix control pushed in, nebulizer cartridge on one full turn, and the oxygen cartridge at settings 7 and 8; 5. constant measured pressure in the lung analogue, variable flow rate settings, nebulizer cartridge on one full turn, the air-mix control pulled out, and the oxygen cartridge at settings 7 and 8; 6. the same as number 5 but with the air-mix control pushed in.
During the experiments, pressure tracings were recorded from the lung analogue using a Statham strain gauge transducer and a Schwarzer direct recording instrument.
RESULTS
The measurements of oxygen tension converted to Fro2 obtained from the first set of conditions as described above are shown, with the mean values, in Table II. These mean values give a fairly good straight-line relationship (Fig. 6) between the settings of the oxygen cartridge and the percentage of oxygen in the inspired air. The maximum oxygen concentration obtainable was approximately 50-55 vol. per cent, gradually rising from 21 vo/. per cent as the ttow through the cartridge was increased.
Oxygen concentrations obtained with the flow rate and pressure settings both at 15 as shown in Tables II and III (conditions 1, 2 , and 3) were plotted for changes in the setting of the nebulizer cartridge (Fig. 7) . The concentrations obtained with the nebulizer cartridge on one full turn and on only one-half turn did not show any significant difference. However, with the nebulizer cartridge off and the oxygen cartridge as the power source for the nebulizer, there was a Table II with nebulizer cartridge on one full turn and air-mix control pulled out. 
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CANADIAN ANAESTHETISTS' SOCIETY .IOU'RNAI~ marked increase, up to 87 vo]. per cent, in the oxygen concentration as the flow through the cartridge was increased. Since these levels are above the clinically desirable range in the large majority of cases, this arrangement should probably not be used. Moreover, with the nebulizing flow dial set below one-half turn, the flow of mist from the nebulizer was judged inadequate.
Since there was no appreciable +difference in the oxygen concentrations obtained with variations in flow through the nebulizer portion of the cartridge above one-half, the remainder of the experimental work was carried out with the nebulizer cartridge set at one full turn.
With a constant flow rate setting of 20 the oxygen concentration (from Table  II ) was fairly stable with variation in the cycling pressure setting, except for a slight depression in the middle range of pressure settings ( Fig. 8) . These findings are similar to those of Sellery and Fairley where the oxygen was added to the pressurized side of the respirator, except that in their case the flow of oxygen into the circuit continued during expiration and was not an interrupted flow as with the cartridge. They believed that the rise in oxygen concentration at the higher cycling pressures was due to falling air entrainment.
This depression in the middle range of pressure settings was still present (Fig.  9) when the same experiment was performed with the air-mix control pushed in (eondition 4). Consequently, this variation, which was of such a degree as to be clinically insignificant and did not appreciably interfere with the predictability of the oxygen concentrations, was thought to be due to an inherent characteristic of the Bird valve.
The oxygen concentrations (from Table II ) obtained when the cycling pressure setting was kept constant and the flow rate varied (Fig. 10) ./\" xO 2 car,t. 8 In following up and rechecking this variation caused by flow, a series of values for Fio2 was obtained from the fifth and sixth sets of conditions, and these values were recorded in Table IV . With the air-mix control pulled out and constant pressure in the lung analogue (Fig. 11 ) , the oxygen concentration gradually fell with increase in the flow rate setting, by approximately 12 vol. per cent over the (Fig. 10) shows a marked inconsistency in the results obtained under presumably identical conditions. However, the conditions in reality were not identical in that the actual pressure in the lung analogue was measured and maintained at a constant level to produce the findings depicted in Figure 11 . With a constant pressure setting there was no appreciable variation in the oxygen concentration, but with the pressure maintained constant in the lung analogue there was a significant drop in concentration as the flow through the respirator was increased. This drop could probably be explained by the fact that at any one setting the flow through the cartridge did not change, but increased flow through the respirator added more diluent air. Also, increased flow through the respirator at constant pressure produced a shorter inspiratory phase (Fig. 12) . This was observed where the pressure was maintained at 20 cm. H20 in the lung analogue while the flow rate setting was varied from 10 to 35. With a shorter inspiratory phase there was a shorter duration of oxygen inflow from the cartridge, leading to a decreased oxygen concentration. The reason for the maintenance of a high oxygen concentration at the higher flow rate settings (Fig. 10 ) was thought to be a decrease in flow due to a fall in pressure, despite the constant pressure setting. The pressure tracings (Fig. 13) taken with the pressure setting constant at 20 showed a marked decrease in the actual pressure, measured in the lung analogue, at which the respirator cycled. The actual pressure is shown in brackets. With a drop in pressure there could be a corresponding drop in flow through the respirator without a decrease in flow through the oxygen cartridge and hence the oxygen concentration would rise. The basic change produced by the mixing cartridge on the pressure profile is shown in Figure 14 . Curve A is the pressure profile in the lung analogue obtained with a tlow rate setting of 30 and a pressure in the lung analogue of 20 cm. H20 and with both the nebulizer mad oxygen portions of the cartridge turned off. The time from the onset of inspiration to the dip at the top of the curve in this case was 1.32 seconds. In curve B with the nebulizer portion of the cartridge on one full ~rn, the duration of the inspiratory phase was shortened to 0.92 seconds. In
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;.32--1 boo2-4 curve C with both the nebulizer and the oxygen portions of the cartridge on one full turn, the inspiratory time was again shortened, this time to 0.66 seconds. This shortening of the inspiratory phase was the result of more rapid triggering of the respirator due to the increased flow.
With the air-mix control pushed in (Table III and condition 6) in a situation of constant measured pressure and variable flow rate (Fig. 15) , the rate and degree of the drop in oxygen concentration is less since the increase in flow for each change of the flow rate setting is not as great with the elimination of the venturl. Not only is there less increase in flow, there is also less dilution of the oxygen as a result of the lack of air entrainment.
SUMMARY AND CONCLUSIONS
Experimentation with the Bird Mark 7 respirator using the Bird Parallel Inspiratory Fow Mixing Cartridge (999 1289) to provide varying concentrations of oxygen in the inspired gas mixture was carried out. It was found that changes in the absolute pressure did not interfere significantly with the predictability of the oxygen concentrations obtained. However, the oxygen level did vary with changes in flow, being influenced more specifically by the ratio between the flow through the cartridge and the flow through the respirator; i.e., the oxygen concentration was directly proportional to the flow through the cartridge and inversely proportional to the flow through the respirator.
Though there is probably variation from one respirator to another, there appeared to be no reason why this mixing cartridge, when calibrated to one particular respirator, would not produce satisfactorily predictable oxygen concentrations within the framework of clinical usefulness, Some recommendations might be made to the manufacturer, namely that (1) a graduated scale be provided for the oxygen metering valve, (2) the nebulizer air metering valve be fixed in one position, probably at one full turn, to prevent accidental closure and inadequate humidification, and (3) the respirator be operated on air without the venturi to obtain the best control of oxygen mixtures.
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On a fait des experiences avec le respirateur Bird "Mark 7" en utilisant l'unit6 No. 9991289 (Parallel Inspiratory Flow Mixing Cartridge) pour fournir des concentrations d'oxyg~ne variables dans le m61ange de gaz inspir& On a trouv6 que les changements dans la pression absolue ne d6rangent pas sensiblement les concentrations d'oxyg~ne obtenues. Cependant, le nivean d'oxyg~ne a vari6 avec les changements de d6bit, et ce niveau a 6t6 surtout influenc6 par le rapport entre le d6bit qui passe par l'unit6 999 1289 et celui qui passe par le respirateur; en d'antres termes, la concentration d'oxyg~ne &ait directement proportionnelle au d6bit de l'unit6 mentionn6e, et inverseme~t proportionnelle au d6bit du respirateur.
Bien qu'il y ait probablement quelque diff6rence d'un respirateur h l'autre, il
